INTRODUCTION
University students of microbiology can participate in a range of service learning or community engagement activities, from presentations at K-12 Science Nights to interactions with groups of campus visitors (1) . In the area of hands-on science with the public, microbiology poses particular challenges in offering activities that are safe and cheap, as well as intriguing and engaging. The Microbial Safari (MicroSafari) is a creative way to engage microbiology students with the community while working within these constraints. MicroSafari enables university students to develop their talents in sharing science, and invites the public to explore the wide-ranging roles of microbes in their lives.
We developed MicroSafari as part of our work with the UW-Madison Biology Outreach Club (BOC), an allvolunteer organization of biology graduate students (http://sites.google.com/site/uwmadisonboc/home). During the period 2005-2009, we led over a dozen MicroSafaris at venues on campus and in communities, for groups of families and youth, with group size ranging from 30 to 100. The MicroSafari was inspired by Dyer's idea of "field marks" for microbes (2) . While a microscope is needed to see a single bacterium, on a larger scale microbial populations can be detected by field marks like color (derived from bacterial pigments), smell (e.g., the odor of Limburger cheese), and taste (e.g., the change in food taste that occurs across fermentation). The MicroSafari is a hands-on version of Dyer's Field Guide, using theater-based elements to share examples of these macroscopic characteristics of microscopic organisms.
PROCEDURE
The MicroSafari opens with a 10-15 minute presentation by one to three student presenters who introduce participants to the "microbial field marks" concept. We transition using an analogy: we ask participants to brainstorm about field marks one might observe on a typical safari (e.g., bird calls, animal tracks). We then ask participants to imagine that they are traveling to three specific safari stops around the globe, in hot pursuit of microbes and their field marks. For example, while the participants "travel" to Yellowstone, the facilitators show pictures of thermal pools and describe how pigments of hyperthermophilic microbes create brilliant colors. † The inclusion of the imagination component, as well as the chance for youth to respond to brainstorming questions, adds an active learning piece that engages even children in Kindergarten. We have employed elements such as safari-themed costumes, decorations, and props to enhance the "safari" feel of the event. ‡ Next, the central portion of the MicroSafari begins. Participants take 30-50 minutes to freely circulate around a series of "Exploration Destinations," (i.e., hands-on activity stations designed to represent different destinations at which bacteria can be "spotted"). We also issue a MicroSafari Passport to each participant and provide a visa stamp for each Exploration Destination as a way to encourage and acknowledge participation. Examples of Exploration Destinations include the "Microbial Cafe," at which participants taste and smell fermented products like kimchi, cheese, and other pickled foods, as well as the foods from which these products were derived, while learning about the role of microbes in their production. The "Hawaii Exploration Destination" invites participants to step into a darkened room to experience bacterial bioluminescence and explore how Pacific squid-derived marine bacteria begin to produce light as culture densities increase (i.e., a demonstration of quorum sensing). Other field signs that have inspired stations include microbes and ice nucleation, "geosmin" ∫ and signs of microbes in soil, products derived from fungi, microbes, and the body, and the color and smells of pond scums.
The educational goal of each Exploration Destination is to present a puzzle or challenge that invites participants to make comparisons, explore questions, or design and do simple yet well-conceived experiments. For example, at the Microbial Cafe, youth are challenged to describe as many sensory changes as they can between pre-and post-fermented products, such as bok choy vs. kimchi or milk vs. cheese. In addition to field mark-focused stations, we typically incorporate stations at which youth can acquire skills used in microbiology, such as micropipetting of colored liquids, estimation, and measurement under the microscope.
Safety:
To ensure a safe experience for the public, Exploration Destinations usually used food products, videos, or simulations that did not involve live cultures (besides those already in the food). For Destinations such as Hawaii that used cultures, microbes were restricted to BSL-1. Only the presenters were allowed to directly handle (sealed) cultures, and all cultures were disposed of properly after the event. In events hosted off campus (as opposed to a teaching lab), cultures could be limited to budding yeast or food-grade cultures.
CONCLUSION
The MicroSafari benefits both the participants and the student presenters. We have observed affective changes in participants, such as greater awareness of the ubiquity and utility of microbes. For example, BOC member Stephanie Ellison-Zelski noted:
"I think people of all ages were surprised to learn what an impact microbes, something that they cannot see, have on our world ... (they) had preconceived ideas that most microbes were harmful, and they were interested in learning all of the positive processes microbes are involved in that help shape our lives."
A second, equally important, benefit of the MicroSafari is the development of the outreach talents of the next generation of scientists, particularly the abilities to listen, engage in conversation, pose questions, and coach and coax participants to come up with ways to test ideas. Students are encouraged to be storytellers, weaving scientific sagas into their presentations, such as that of the historic controversy of Limburger cheese shipments from Wisconsin to Iowa (3). Student presenters find the MicroSafari to be a satisfying learning experience and come away with an enhanced view of the opportunities for sharing science with the public. As presenter Michael Wollenberg explained:
"Personally, I enjoyed asking questions and listening to answers from both old and young during the Safari, as well as answering their insightful questions ... (I) enjoyed bringing the microbiology research that's done at UW to the attention of both Wisconsin parents and kids." 
